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(54) Framework for software development 

(57) The invention relates to a framework being 
used for developing software system e.g. for a business 
application. This framework includes a number of object 
oriented classes which may be processed by a compu- 
ter system. The invention provides an interface and a 
base class which implements this interface that allows 
specific data to be added to the objects of classes sup- 
porting the interface at runtime without the need for sub- 
classing of the original class. Specific data added in this 
way to an object are referred to as properties of the 
object, and the interface introduced by this invention is 
referred to as the property container interface. 

The present invention is applicable in the techniclal 
field of application development of software systems, 
e.g. for a business application as Financial or Logistic 
and Distribution, wherein it is the purpose of frame- 
works to provide significant portions of the application 
that are common across multiple implementations of the 
application in a general manner, easy to extend for spe- 
cific implementation. 
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Description 

Field of the Invention 

The present invention relates to a method of devel- 
oping a software systenn using Object Oriented Technol- 
ogy and frameworks, in particular relates to a method 
for providing a framework, including a number of object 
oriented classes, allowing the modeling of businesses 
with a multiple level organizational structure. 

The present application relates to the following co- 
pending applications filed by the same applicant. 

"A method of developing a software system using 
Object Oriented Technology" (Application No. 
97114041.3) 

"A method for using decoupled chain of responsibil- 
ity" (Application No. 97114040.5) 
"Framework for Business Applications providing 
financial integration" (Application No. 9711 4039.7) 
"Framework for business applications using cached 
aggregate and specification key (Application No. 
97114038.9) 

"Method of error handling in a framework" (Applica- 
tion No. 97114036.3) 

"A method of locating software objects in different 
containers" ((Application No. 97114035.5) 

Description of the Prior Art 

In order to maintain or enlarge their conpetitive- 
ness, enterprises of almost every type of business all 
over theworld have to rework and bring up to date their 
information technology to meet customer" s require- 
ments and thus to be successful in the market. But 
keeping an information system based on traditionally 
developed software up to date is at least an expensive 
undertaking, and in many cases it is an unsolvable 
problem. Object Oriented Technology or simply Object 
Technology, often abbreviated "OOT" or simply "OT", 
has the technical potential to overcome the problems 
associated with development, maintenance, and exten- 
sion of software applications within a company' s infor- 
mation system and to provide interoperability and 
adaptability across multiple applications and hardware 
platforms. 

Object Oriented Technology describes a method for 
the development of operating software as well as appli- 
cation software for a computer system. Contrary to the 
traditional, non object oriented ways of developing soft- 
ware, Object Oriented Technology comprises and uses 
preengineered "methods" and "objects" for the develop- 
ment of software, comparable to tools and parts for the 
development of an automobile. 

Similar to the development of an automobile, 
wherein not each required screw is developed individu- 
ally, but standardized screws are used which can be 
individually adapted by shortening to the required 



length, within the development of software. Object Ori- 
ented Technology provides a "class" as a kind of soft- 
ware template from which individual "objects" can be 
instantiated. These classes are usually stored in a soft- 

5 ware library or a so called "class library". A class library 
is simply a collection of several classes stored together 
in a special filing format called a library. Object oriented 
technology has the advantage that a software developer 
is able to work on a specific class or object without the 

w knowledge of the other classes or objects. 

For that purpose, a class should be designed such 
that each Instantiated object of the class is a mirror of an 
object in the real world. E.g., a business partner class 
should be designed such that each of its instantiated 

75 business partner objects relates to one real business 
partner and that all data concerning this real business 
partner should be accessible by using this business 
partner object. 

In Object Oriented Technology an "object" is a self- 

20 contained piece of software consisting of related data 
and procedures. Data means information or space in a 
computer program where information can be stored, 
e.g. a name or an inventory part number. Procedures 
are parts of a program that cause the computer to actu- 

25 ally do something, e.g. the parts of a program which 
perform calculations or the part of a program that stores 
something on a computer disk. In Object Oriented Tech- 
nology, an object' s procedures are called "methods". 
The concept of an object being a self-contained 

30 piece of software having data and procedures inside 
itself is a new way of developing software. In non object 
oriented software, most of the data for an entire pro- 
gram is often grouped together near the beginning of 
the program, and the procedures then follow this com- 

35 mon pool of data. This conventional method worked 
okay for smaller programs, but as soon as a piece of 
software started to grow and become somewhat com- 
plex, it become increasingly difficult to figure out which 
procedures were using which data. This made it quite 

40 difficult and expensive to debug or change traditional 
software programs. 

In Object Oriented Technology it is generally easier 
to debug, maintain, and enhance object oriented soft- 
ware. The three most popular object oriented program - 

45 ming languages are probably "C++", "JAVA", and 
"Smalltalk". The concept that both data and methods 
are contained inside an object is called "encapsulation". 
Part of the concept of encapsulation is that an object 
has a predictable way of communicating with other 

50 objects, a so called predictable "interface" or sometimes 
also called the method contract. 

Provided that interface will not be changed, the 
code or methods inside the object can be changed with- 
out disrupting other objects' ability to interact with that 

55 object. For example, a TAX CALCULATION object 
would have a predictable interface for use by PAY- 
CHECK objects. Provided that interface will not be 
changed, the detailed program code inside the TAX 
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CALCULATION object could be changed whenever the 
tax laws changed, and no other objects in the payroll 
system would have to know anything about such 
changes. 

In Object Oriented Technology the term Inherit- 
ance" is used to communicate the concept that one 
object can inherit part of its behavior and data from 
another object, e.g. since an employee is a type of Per- 
son, an EMPLOYEE object might Inherit the character- 
istics of a PERSON object, such as having name, birth 
date, and address data, as well as an EMPLOYEE 
object might inherit methods for updating and displaying 
these data. 

Even if an object inherits some of its characteristics 
from other objects, that object can, and usually would, 
also have its own non-inherited characteristics, e.g. 
whereas a PERSON object would have an inheritable 
method to display a person' s address, a PERSON 
object would probably not have a method for displaying 
paycheck history, since not all persons get paychecks. 
Because an EMPLOYEE object could not inherit this 
method from a PERSON object, an EMPLOYEE object 
would have to define its own method for displaying pay- 
check history 

Although Object Oriented Technology clearly 
seems to be the most sophisticated way for the develop- 
ment, mainentance, and extension of software applica- 
tions, many companies developing software 
applications are concerned about the cost and risks 
involved with the rework of existing applications and 
with the construction of new applications using Object 
Oriented Technology. For those software application 
developers, a technical foundation for software applica- 
tions has to be built as a tool using Object Oriented 
Technology as the basis, allowing each developer to 
develop highly unique software products. This technical 
foundation is formed by frameworks comprising the 
basic application structure which software application 
developers previously had to develop by themselves. 

In Object Oriented Technology the term "frame- 
work" is used to describe a reusable set or collection of 
classes which work together to provide a commonly 
needed piece of functionality not provided by any of the 
individual classes inside the framework. Thus a frame- 
work defines a specific way in which multiple objects 
can be used together to perform one or more tasks 
which no single object performs. In other words, a 
framework is a reusable, predefined and preengineered 
bundle of several objects which address a recurring pro- 
gramming problem. 

Frameworks provide a way of capturing a reusable 
relationship between objects, so that those objects do 
not have to be reassembled in that same relationship 
every time they are needed. Frameworks provide a way 
of grouping multiple objects together to perform some 
function which should not have to be thought through 
each time at the underlying object level. For example, a 
PRINT framework would consist of alt the objects nec- 



essary for a programmer to easily print something on 
any printer, and would probably include objects for 
printer selection, spooling to disk or error detection as 
"out of paper". Frameworks can be regarded as an 

5 group of software objects which contain a technical 
foundation for a software application. For example in the 
business field of Financial. Logistic and Distribution or 
Production. Although a framework represents a skele- 
ton of a software application, usually a framework is not 

10 an executable software program. 

Such frameworks may have for example two levels. 
In a first level, a framework provider develops general 
classes which may be adapted to be used in any appli- 
cation. Then, in a second level, a solution provider 

75 adapts this framework to a specific application, e.g. to a 
business application or a warehouse application and so 
on. This solution is finally used by e.g an insurance 
company or a retail company to run its business. 

Prior art frameworks often include the business 

20 partner class as a base class with one or more addi- 
tional subclasses. Such subclasses may be e.g. a busi- 
ness partner with shipping zone subclass that adds a 
shipping zone attribute and a business partner with 
freight charge subclass that adds a freight charge 

25 attribute. As known in object oriented technology, the 
subclasses derive their characteristics from the base 
class by inheritance. 

In an example, a first application may use a busi- 
ness partner with shipping zone object by instantiating 

30 the business partner with shipping zone subclass and a 
second application may use a business partner with 
freight charge object by instantiating the business part- 
ner with freight charge subclass. By using these 
objects, the first and the second application are able to 

35 process specific functions. In particular, the first applica- 
tion assigns a specific shipping zone to objects of its 
specific business partner subclass, and the second 
application adds a specific freight charge to objects of 
its specific business partner subclass. 

40 However, if the two applications described need to 
share business partner objects, a problem arises. The 
first application expects to work with objects of its own 
specific subclass of business partner, i.e. the business 
partner with shipping zone sulxlass. The second appli- 
es cation knows nothing of the business partner with ship- 
ping zone subclass and will be unable to pass its 
business partner objects derived from its own business 
partner with freight charge subclass to any interfaces 
provided by the first application. Thus it is impossible to 

50 share business partner objects between the two appli- 
cations. 

By providing frameworks as the technical founda- 
tion for developing software applications, the following 
problems have to be addressed: 
55 Applications have to support all hardware platforms 
and related software operating systems relevant on the 
market. Applications have to fulfill the requirements 
related to client/server configurations including the 
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requirement for graphical user interfaces and window- 
ing techniques. Also, applications have to offer internet 
compatibility and access on demand. Furthermore 
applications have to provide integrated solutions with 
respect to installed software. s 

Known from the prior art. see e.g. E. GAMMA et al: 
"Design Patterns: elements of reusable object-oriented 
software". Add! son- Wesley, 1995, ISBN 0-201-63361-2, 
are two object oriented design patterns, "Chain of 
Responsibility" and "Strategy". 

A requirement of frameworks is to allow the mode- 
ling of businesses with a multiple level organizational 
structure, tt is necessary, given the requirements of 
business processes, that each company within an 
organizational structure should be able to tailor which 
information it shares with a parent organization and 
which information is specific to itself. In the case of an 
object oriented framework, this requirement means that 
Business Objects (BOs) must be defined in such a way 
that they can be selectively shared among the parent 
and child companies of an organizational structure. 
Specifically, if a parent company introduces a set of 
instances of a given type of business object, child com- 
panies must have the option to introduce their own sets 
of the given BOs. isolating themselves from the parent's 
set, share the parent's set entirely with no set being 
defined at their level, sfiare the parent's set but "over- 
ride" certain BOs with those contained by a set at their 
own level, share the parent's set but "hide" certain BOs 
in the set, and partially share the BOs themselves In the 
parent's set. that is, a subset of the BOs data should be 
public and shared by the parent with child companies 
while the remaining data should be private and specific 
to each company 

Within the accompanying figures, representation 
standards for classes, objects, relationships etc. are 
used at least partly according to Grady Booch: "Object- 
Oriented Analysis and Design with Applications", sec- 
ond edition. The Benjamin/Cummings Publishing Com- 
pany Ind., Redwood City CA, USA. 

Object of the Invention 

It is an object of the present invention to provide a 
technical foundation for the development of software 
applications using Object Oriented Technology which 
overcomes the above discussed problems. 

!t is a further object of the present invention to pro- 
vide a framework which allows the modeling of busi- 
nesses with a multiple level organizational structure. 

Summary of the Invention 

The present invention solves this object with meth- 
ods and apparatus as layed down in enclosed inde- 
pendent claims. Particular embodiments of the present 
invention are presented in the respective dependent 
claims. 



The invention provides a solution with a class which 
provides the ability that specific data may be added to 
its instantiated object by reference. 

In particular, the invention provides an interface and 
a base class which implements this interface that allows 
specific data to be added to the objects of classes sup- 
porting the interface at runtime without the need for sub- 
classing of the original class. Specific data added In this 
way to an object are referred to as properties of the 
object, and the interface introduced by this invention is 
referred to as the property container interface. 

In the case of the above example, the invention only 
provides a business partner class that supports the 
property container interface but no subclasses. If an 
application wants to assign a shipping zone to a specific 
business partner, the specific data relating to the ship- 
ping zone may be added to the business partner object 
without creating a subclass. As well, if an application 
wants to calculate a freight charge for a specific busi- 
ness partner, the specific data relating to the freight 
charge may be added to the business partner object 
without creating a subclass. Instead, the shipping zone 
or the freight charge may be assigned to the specific 
business partner object at runtime as properties. 

As well, it is possible that an application adds not 
only one, but several specific data to the business part- 
ner object, i.e. the specific data relating to the shipping 
zone, the specific data relating to the freight charge, 
specific data relating to an account code, and so on, 
without creating any subclass. Instead, these specific 
data may be assigned to the business partner object as 
properties. 

This has the advantage, that all data relating to a 
business partner are included or referenced In the 
respective business partner object. The business part- 
ner class has no subclasses so that the data relating to 
the business partner is not partitioned into different 
objects. It is therefore possible that an application 
accesses all data relating to the business partner in the 
respective business partner object. 

Compared to the prior art in which the business 
partner class is customized by creating subclasses, the 
invention provides the ability to customize the object of 
an instantiated class. This has the described advantage 
that only one business partner object exists for each 
business partner which includes or references all spe- 
cific data of this business partner. 

Furthermore, the present invention provides a 
framework to be used for developing a software system, 
e.g. for a business application, said framework compris- 
ing a number of objects which are to be processed by a 
computer system, characterised in that an organiza- 
tional structure is represented by company objects 
organized in a tree structure, said company objects 
implement a property container interface providing an 
ability that specific data may be added to its instantiated 
object by a name, controller objects are attached to said 
company objects as properties. 
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To address all of the sharing requirements men- 
tioned above, an abstract controller class is defined to 
present the common methods defined for the access of 
the controlled business objects. The Interface presented 
by this abstract class is used by clients to access busi- 
ness objects from a controller. 

Subclasses of the abstract controller class then 
provide the ability to isolate or merge layers of the com- 
pany tree structure with respect to the controlled 
objects, i.e. the objects contained by the controller, 
attached to the company hierarchy, effectively creating 
logical views of the controlled objects over the company 
hierarchy without explicit knowledge or action by the cli- 
ent. 

Brief Description of the Drawings 

Figure 1 shows a class diagram with a base class 
and two subclasses according to the prior 
art; 

Figure 2 shows a class diagram with a property con- 
tainer interface and a property container 
base class according to the invention, and 

Figure 3 shows a business partner object according 
to the invention. 

Figure 4 shows a four layer schema from which soft- 
ware application can be developed using 
the present invention. 

Figure 5 shows a class representation of the chain 
of responsibility driven strategy 

Figures shows a concrete example of Root and 
Aggregating controllers and their interac- 
tion. 

Figure 7 shows a combination of two controller 
types. 

Figures shows a method for property attribute 
retrieval when the business object has a 
hierarchy parent 

Detailed Description 

Figure 1 shows a class diagram with a base class 
and two subclasses according to the prior art. In the 
example of figure 1 . the base class is a business partner 
class and the subclasses are a business partner with 
shipping zone subclass and a business partner with 
freight charge subclass. The two subclasses derive 
their characteristics from'the base class by Inheritence. 

In a business processing environment, correspond- 
ing objects may exist from each of these classes. This 
means that across multiple applications a business 



partner with shipping zone object and a business part- 
ner with freight charge object may exist simultaneously 
that each represent the same actual business partner 
and duplicating common data for tiiat business partner 

5 subclasses. 

If a business application needs access to the ship- 
ping zone of a business partner it must require that the 
business partner be represented with an object of tiie 
specific business partner with shipping zone subclass. 

10 Likewise, if an application needs access to the freight 
charge information from a business partner It must 
require that the business partner be represented by an 
object of the business partner with fright charge sub- 
class. Thus an object of the business partner witii 

15 freight charge subclass could never be used in the first 
case, nor could an object of the business partner witii 
shipping zone subclass be used in the second case. It 
would be impossible for a business process needing 
both shipping zone and freight charge information for a 

20 business partner to obtain it from any single business 
partner object. 

Figure 2 shows a dass diagram with the property 
container interface and property container base class 
according to the invention. At least one further class, 

25 e.g. a business partner class derives its characteristics 
from the property container base class by inheritance. 

The property container interface introduces a proto- 
col for inserting, accessing and deleting properties from 
an object of any class supporting the interface. The 

30 methods introduced by this interface are as follows: 

"addPropertyBy(string property Name, ObjectRefer- 
ence propertyObject)" This method allows clients of 
the object to add any object as a property of tiie 
35 property container object and associate with tiiat 
property the given property name. 

"getPropertyBy(string property Name)" This method 
returns an object reference to the object represent- 
ee ing the contained property associated with the 
given property name. If no such property exists, an 
error will be indicated. 

"contains Property (string property Name)" This 
45 method is used to determine if a property container 
object has a property associated with the given 
property name. 

"removePropertyBy(string propertyName)" This 
50 method is used to remove a property associated 
with a given property name from a property con- 
tainer object. 

The property container base class contains a keyed 
55 attribute collection. This relationship is shown in figure 
2. This keyed attribute collection Is a dictionary or map 
style collection that uses strings identifying the proper- 
ties as keys, e.g. "ShippingZone" as key for the shipping 
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zone property. The values held by the keyed attribute 
collection are generic references, i.e. pointers to the 
objects that represent the properties, e.g. the shipping 
zone object shown in figure 2. Properties that are prim- 
itive types such as numbers or boolean flags are repre- 5 
sented with simple container objects that contain the 
primitive type and are referenced as objects by the 
keyed attribute collection. 

In the example of figure 2, the business partner 
class derives from the property container base class 
thus inheriting the interface methods introduced by the 
property container interface, as well as the keyed 
attribute collection and the implementation of the meth- 
ods of the property container interface provided by the 
property container base class. The result of this inher- 
itence is that the person writing the business partner 
class will not have to add any code to his class pertain- 
ing to properties, the behavior is completely inherited. 

Figure 3 shows a business partner object according 
to the invention. This business partner object is the 
result of an Instantiation of the property container base 
class shown in figure 2 for a specific business partner. 

The business partner object includes the common 
data relating to the specified business partner which are 
from fixed attributes in the business partner class, e.g. 
name and address. However, the business partner 
object also contains data items that are not common to 
all applications but specific to a certain application, e.g. 
shipping zone and freight charge. These items are kept 
as properties in the inherited keyed attribute collection 
contained by the object. The keyed attribute collection is 
denoted in figure 3 by a rectangle called property con- 
tainer. 

In the keyed attribute collection of the business 
partner object shown in figure 3, the shipping zone ref- 
erence and tiie freight charge reference are included. 
Of course, it is possible that other or additional refer- 
ences are also included in the property container. 

The methods inherited from the property container 
interface for accessing the properties are shown on the 
business partner object. The presence of these func- 
tions allows the business partner object maintain data 
items as properties without any real knowledge of the 
data in the properties. Specific data can then be added 
to the business partner object as properties by a busi- 
ness application at a later point in time, in particular dur- 
ing the runtime of the business application. 

If the first business application wants to process a 
function, e.g. if the business application wants to assign 
a shipping zone to a specific business partner, it instan- 
tiates the business partner class of figure 2 and thereby 
creates the business partner object of figure 3 with 
some of the data of the specific business partner. Then, 
the business application adds the shipping zone refer- 
ence into the property container of the business object 
in figure 3. 

With the function 
"AddPropertyBy("Shipping2one".Shipping2oneValue)'' 



it is then possible for the business application to assign 
tiie value of a new specific shipping zone to the respec- 
tive business partner. The new shipping zone is 
included in the shipping zone object and is accessible 
by the function "GetPropertyByCShippingZoneT* by 
users of the business partner object. 

The same is possible for freight charge information 
with the functions 

"AddPropertyBy (TreightCharge".FreightCharge- 
Vaiue)" and "GetPropertyByCFreightChargeT*. 

Now, with the business partner object shown in fig- 
ure 3 it is possible for an application concerned with 
processing of shipping zones and another concerned 
with processing of freight charges to use and share the 
same business partner object without conflict and with- 
out either application being aware of the other applica- 
tion's specific properties on the business partner object. 

The first application instantiates the business part- 
ner class of figure 2 and thereby creates the business 
partner object of figure 3 with some of the data of the 
specific business partner. Then, the business applica- 
tion adds the shipping zone reference. When the new 
business partner object enters the scope of processing 
of the second application, the absence of a freight 
charge property will be detected and an appropriate 
freight charge property will be added to the object. 

With tills approach, either application can use the 
"GetPropertyByO" function to access application spe- 
cific properties on a business partner object regardless 
of which application the business partner object was 
originated in. Business partner objects passed from one 
business application to another retain references to all 
of their associated properties, regardless of whether tiie 
using application has any knowledge of those proper- 
ties. 

The addition e.g. of the shipping zone reference or 
the freight charge reference into the property container 
may be done by the business application during the 
instantiation of the business partner class or later at 
runtime of the business partner object. The addition has 
the consequence that the reference to the object, e.g. 
shipping zone will be added to the keyed attribute col- 
lection contained by the business partner object. Later 
when the property, e.g. shipping zone is accessed, a 
reference to the object representing that property will be 
retrieved from the keyed attribute collection. 

Developing software applications using the subject 
of the present invention as a development tool can be 
regarded as built up of four layers as shown in Figure 4. 

The lowest layer is the base layer 101. The base 
layer 101 provides and manages the interface with the 
server hardware 1 1 1 which is potentially running under 
different operation systems such as OS/2. OS/400, AIX, 
and NT The server hardware 1 1 1 is connected with cli- 
ent hardware 112 via a communication network 113. 
The client hardware 112 may also potentially running 
under different operation systems such as OS/2, NT. 
and AIX. The embodiment shown in Figure 4 shows tiie 
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development of the server portion of a client/server 
application only. 

The Base layer 101 represents the technical foun- 
dation for the higher level objects including many func- 
tions near to an operating system such as finding s 
objects, keeping track of their names, controlling access 
to them, resolving conflicts, security administration, and 
installation. The Base layer 101 also includes the so 
called Object Model Classes which provide a consistent 
model for building objects while hiding the complexity of io 
the underlying infrastructure form the software applica- 
tion developer. The Base layer 101 can be regarded as 
a kind of lower middleware necessary for the application 
of the Object Technology above it using the interface 
functionality provided by the Base layer 101 . 75 

Above the Base layer 101 there is a layer compris- 
ing Ck)mmon Business Objects 102. This Common 
Business Object layer 102 provides a large number of 
objects which perform functions commonly needed 
within a business application, e.g. date and time, cur- 20 
rency, address, units of measure, and calendar. These 
Common Business Objects represent the building 
blocks from which software application developers can 
select and create business applications, e.g. these 
Common Business Objects can be copied and 25 
extended to perform new functions as for example the 
date and time object can be extended to handle the Chi- 
nese calendar. 

The layer 103 above the Common Business 
Objects layer 102 already comprises Core Business 30 
Processes and can be regarded as the Core Business 
Process layer 103. Although this layer 103 usually does 
not provide executable code, within this layer 103 the 
business software applications developed using the 
present invention begin to take shape. Each Core Busi- 35 
ness Process layer Is built for one specific type of appli- 
cation, as for example General Ledger or Warehouse 
Management. 

This Core Business Process layer 103 can be 
regarded as an upper middleware which • although not 40 
a complete software application program - already con- 
tains the basic funtions which all of the application pro- 
grams of this type require. It is the Core Business 
Process layer 103 which creates the application frame- 
works, wherein some of the Common Business Objects 45 
are linked to a large number of objects specific to the 
type of framework being built, e.g. Warehouse Manage- 
ment. The resulting framework is constructed in a way 
to contain commonly used functions as well as to be 
easy to extend. so 

On top of the above described three layer model the 
application software is located, created by the software 
application developer and representing executable 
code. It is the choice of a software application developer 
whether to use only the base layer 101, the base layer 55 
101 and the Common Business Object layer 102. or all 
three layers 101, 102, and 103 for the development of 
his software application. In every case he has to 



develop a remaining part of the application by himself 
and therefore every resulting software application pro- 
gram will be a completley unique product. 

It has to be noted that the subject of the present 
invention is represented within the three layer model 
101 , 102, and 103 and is not represented by the execut- 
able code of the software application 121 developed 
using the present invention. 

Figure 5 shows a class representation of the chain 
of responsibility driven strategy. The client visible class 
301) can be configured with either a concrete chained 
strategy 302 or a concrete simple strategy 303, 
because both types of classes support the strategy 
interface 306. This allows the application developer or 
user to tune a particular client visible class instance 301 
for performance, when using a concrete simple strategy 
303, or for flexibility, when using a concrete chained 
strategy 302. Policy instances held as properties, may 
be instances of concrete chained strategy 302, thus 
providing even greater flexibility. This flexibilty can be 
extended indefinitely, although with corresponding 
reductions in performance. The relationship 304 
between the concrete chained strategy 302 and an 
encapsulated chain of responsibility 305 may vary 
based on the actual usage, for example concrete 
chained strategy 302 implements encapsulated chain of 
responsibility 305 directly, or concrete chained strategy 
302 holds one or more encapsulated chain of responsi- 
bility 305 objects, or concrete chained strategy 302 
refers to one or more encapsulated chain of responsibil- 
ity 305 objects held by property on other objects. 

To address all of the sharing requirements accord- 
ing with the allowance of modeling of businesses with a 
multiple level organizational structure mentioned above, 
an abstract controller class is defined to present the 
common methods defined for the access of the control- 
led business objects. The interface presented by this 
abstract class is used by clients to access business 
objects from a controller. Two concrete subclasses of 
controllers are derived from this abstract controller 
class. 

The first, called a "root" controller, is a controller 
that holds a collection of business objects and provides 
methods for creating and deleting business objects in 
that collection. Only those business objects in the root 
controller's collection can be accessed through this con- 
troller. Thus, when a company keeps a set of BOs in a 
root controller it is isolating Itself from its parent's set (if 
one exists). 

The second concrete subclass is an "aggregating" 
controller. Like the root controller, an aggregating con- 
troller holds a collection of business objects that it con- 
trols itself, but unlike the root controller, it has access to 
a "parent" controller which may be either a root or 
another aggregating. When business objects are 
accessed through an aggregating controller, the control- 
ler first checks its own collection for the requested busi- 
ness object (business objects are usually identified with 
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a unique ID which is used to key them within the control- 
ler structure). If the requested business object is found 
there it is returned, if not the parent controller is 
retrieved and asked to return the requested business 
object. This behavior will repeat until the requested 5 
business object is found or until a root controller is 
encountered. This behavior allows an aggregating con- 
troller to appear to a client to have a "logical" scope that 
includes the business objects that it controls directly as 
well as those in its chain of parent controllers. The 
aggregating controller is also able to "override" a par- 
ent's business object with a matching one (matching 
unique ID) in its own collection. 

A specialization of the aggregating controller is a 
subclass known as a "hiding" controller. In addition to 
providing all functionality of the aggregating controller, 
the hiding controller maintains a collection of business 
objects held by parent controllers that it wishes to 
"hide", typically by unique ID. When a business object 
with a given ID is requested from a hiding controller, the 
controller first checks its collection of "hidden" objects. If 
the object is found there, the controller indicates to the 
client that the requested business object is not found. If 
the object is not in the hidden object collection, it will be 
retrieved in the normal aggregating controller fashion. 
Hiding controllers allow a child company to hide specific 
business objects in the parent company's set while 
sharing others. 

The type of recursive search used by aggregating 
controllers is a use of the "Chain of Responsibility" pat- 
tern (see E. GAMMA et al: "Design Patterns: elements 
of reusable object-oriented software". Addison-Wesley, 
1995. ISBN 0-201-63361-2). In the case of aggregating 
controllers the links of the chain are not direct. Instead, 
an aggregating controller accesses its parent by first 
going to its associated company (for which a direct link 
is held), accessing the parent company through the 
organizational tree structure of companies, and then 
using the property container interface of the parent 
company to request the parent controller. This model- 
ling of the relationship between parent and child control- 
lers allows controllers to be added, removed or changed 
at any level of the organizational structure without 
adversely affecting controllers at other levels, i.e. requir- 
ing aggregating controllers at lower levels to rebuild par- 
ent controller links when a new controller is added to a 
to a company between it and its current parent control- 
ler. 

Figure 6 shows a concrete example of Root and 
Aggregating controllers and their interaction. In this 
example, a client using company 1 401 works with a 
Root controller 406 and sees controlled object 
instances A 409 and B 410. A client using either com- 
pany 2 402 or company 3 403 works with the same Root 
controller 406 through the behavior of property control- 
lers implemented by the company class. A client using 
company 4 404 works with aggregating controller 407 
and sees controlled object instances A 409 (retrieved 



form the Root controller 406), B 412 (retrieved locally, 
thereby overriding the instance B 410 on the root con- 
troller) and D 413 (retrieved locally). A client using com- 
pany 5 405 works with Root controller 408 and sees 
controlled object instance C 411 only. Object instances 
A 409 and B 410 are not visible in this case because the 
Root controller terminates the retrieval chain. 

By combining two controller types and specifying 
their interaction when creating instances of their control- 
led classes, it is possible to implement business objects 
whose data is partially shared and partially private. As 
shown in Figure 7, one controller type 502 contains 
instances of the business object 504 (where private 
data is located) and the other controller type 503 con- 
tains instances of the business object's shared data 
505. Instances of the business object shared data 505 
are created and maintained as any other framework 
object. An instance of the business object 504 may not 
be created unless an instance of the business object 
shared data with the same key (typically ID) already 
exists. The business object 504 then retrieves the busi- 
ness object shared data object from its controller 503 
using its common key (ID) and maintains a reference to 
that object. Thus, the business object 504 logically rep- 
resents the full behavior of the business object through 
its composite relationship. Retrieval of the controller for 
business object shared data 503 follows all the rules of 
property retrieval described earlier. 

As described earlier, the business object 504 holds 
attributes that are private, such as object 506, while the 
associated shared data object 505 holds attributes that 
are shared such as object 507. The business object pro- 
vides interfaces for setting and retrieving all private data 
as well as all shared data, thus supporting the full 
behavior of the compound business object. The busi- 
ness object 504 implements client calls to set and 
retrieve shared attributes (such as 507), by dereferenc- 
ing its associated shared data object 505 and fonward- 
ing the information for the call to the associated 
accessor method for the attribute (507) on the shared 
data object 505, thereby setting the attribute on the 
shared data object in the case of a set or returning the 
attribute to the client in the case of a retrieve. The busi- 
ness object 504 implements client calls to set and 
retrieve private attributes (such as 506) by setting or 
retrieving the directly contained private attribute, the 
shared data object 505 is not involved in this case. The 
business object 504 also implements a method that 
returns a list of all shared data methods. This list can be 
used by a maintenance Graphical User Interface (GUI), 
for example to control access to the set methods for 
shared data. 

Both the business object 504 (see property access 
diagram) and the shared data object 505 implement 
methods for setting and retrieval of attributes as proper- 
ties. Attributes held as properties that are meant to be 
shared are held as properties on the shared data object 
505. Attributes held as properties that are meant to be 
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private are held as properties on the business object 
504. Retrieval of attribirtes held as properties involves 
the following algorithm: The client calls a property 
retrieval method on the business object 504 passing the 
property ID of the attribute that is to be retrieved. If a 5 
property with matching ID is found on the business 
object 504, the attribute is returned to the client. If a 
property with matching ID is not found on the business 
object 504, the business object 504 dereferences the 
associated shared data object 505, and calls the appro- 10 
priate property retrieval method on it. passing the prop- 
erty ID given by the client, the value returned from that 
call is then returned to the client. 

An enhancement used in the frameworks to the 
property attribute resolution algorithm just described is is 
to give the business object the ability to be placed in a 
hierarchy by adding a "parent" reference to another 
business object in each business object. 

The method for property attribute retrieval when the 
business object has a hierarchy parent is shown in Fig- 20 
ure 8 as follows: The client calls a property retrieval 
method on the business object 601 passing the prop- 
erty ID of the attribute that is to be retrieved. If a prop- 
erty with matching ID is found on the business object 
601 . the attribute is returned to the clierrt. If a property 25 
with matching ID is not found on the business object 
601, the business object 601 dereferences the associ- 
ated shared data object 602 and calls the appropriate 
property retrieval method on it. If a property with match- 
ing ID is found on the shared data object 602, the 30 
attribute is returned to the client. If a property with 
matching ID is not found on the shared data object 602, 
the business object 601 then dereferences its parent 
business object 603 and calls the appropriate property 
retrieval method on it, causing the algorithm to be 35 
repeated on the parent object. Thus if the property is not 
found on the parent business object 603, the shared 
data object 604 will be tried, followed by the parent of 
603 (if one exists). The retrieval algorithm terminates 
when either the property is found or the current busi- 40 
ness object in the search does not have a parent refer- 
ence. 

Claims 

45 

1 . Framework being used for developing a software 
system e.g. for a business application, said frame- 
work including a number of object oriented classes 
which may be processed by a computer system 
wherein one of said classes provides the ability that so 
specific data may be added to its instantiated object 

by a name. 

2. Framework according to claim 1 wherein said one 

of said classes has a relationship with a keyed ss 
attribute collection which is a collection of property 
names associated with object references. 



3. Framework according to claim 2 wherein each of 
said references corresponds to one of said specific 
data. 

4. Framework according to claim 2 wherein each of 
said references con*esponds to an address. 

5. Framework according to claim 4 wherein said 
address points to an object. 

6. Framework according to claim 5 wherein said 
object includes said specific data. 

7. Framework according to claim 1 wherein said 
instantiated object includes a keyed attribute collec- 
tion. 

8. Framework according to claim 7 wherein said keyed 
attribute collection provides the ability to include 
said reference to said specific data. 

9. Framework according to claim 8 wherein said refer- 
ence to said specific data may be included into said 
keyed attribute collection at runtime. 

10. A framework to be used for developing a software 
system, e.g. for a business application, said frame- 
work comprising a number of objects which are to 
be processed by a computer system, 
characterised in that 

an organizational structure is represented by 
company objects organized in a tree structure, 

said company objects implement a property 
container interface providing an ability that spe- 
cific data may be added to its instantiated 
object by a name, and 

controller objects are attached to said company 
objects as properties. 

11. The framework according to claim 10, wherein 

a controller class is introduced for each class of 
business objects that is subjected to sharing 
requirements. 

1 2. The framework according to claim 1 1 , wherein 

for a given of said business objects said con- 
troller class provides an interface for clients to 
access, delete or create objects of said busi- 
ness object dass. 

1 3. The framework according to one of claims 1 0 to 1 2, 
wherein 
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said controHer objects can be associated with 
said company objects as said properties at any 
point in said organizational structure. 

14. The framework according to claim 11, wherein said s 
controller classes providing 

terminating behavior, said terminating behavior 
preventing controlled object instances con- 
tained in controllers higher in said company io 
tree structure from being seen by a client, or 

aggregating behavior, said aggregating behav- 
ior allowing said instances to be seen. 

15 

15. The framework according to claim 14, wherein 

said aggregating behavior supports overriding 
of business object instances so that a local 
business object version will be visible in place 20 
of an instance with a same identifier (ID) resid- 
ing higher in said company tree structure. 

16. The framework according to claim 14 or 15, 
wherein 25 

said hiding behavior preventing a business 
object residing higher in said company tree 
structure from being locally visible. 

30 

17. The framework of claim 1 1 , wherein 

a combination of controllers and interacting 
business object creation behavior allowing a 
business object to be composed of a private 35 
portion and a shared portion, said client seeing 
only a composite business object representing 
a sum total of private and shared components. 

1 8. A method of developing a software system using an 40 
Object Oriented Technology and a framework, said 
framework is according to one of claims 1 to 17. 

19. A data storage medium characterised in that said 
data storage medium is storing a framework, said 45 
framework is according to one of claims 1 to 17. 
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